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ABSTRACT

Described are solar eclipse effects in the E and Fp =~
layers of the ionosphere observed in Gor'kiy on 2 December 1956
and 15 February 1961 . Despite the fact that both eclipses occur-
red in winter, more or less at the same time, their influence on
the ionosphere, and particularly on Fo~ layer, was revealed by
different methods., According to data of 2 December 1956; computed
were the coefficients oceff and J,, the most pwbable values of
which for the E=- layer constituted 0.25 108 o sec-l, and
150 el:cm™3 sec™, and for the Fp-layer — 2 . 10710 cn® gec™t
and 2300 el som > sec T respectively.

COVER-TO-COVER TRANSLATION

Observations of the state of the ionosphere were conducted
at the NIFRI station during solar eclipses of 2 December 1956
and 15 February 1961, In the first case, a hand-controlled iono~
sphere station was utilized, with a 2 kw power in the pulse of

~50 sec with a 50 ¢/s.cycle frequency. The operating frequency



range of the station was 1.8 — 18 Mc/s. The transmitting and
receiving antennas had a A - shape. In the second case, observa-’
tions were carried out with the aid of an automatic type -ATIS ion
probe, the parameters of which are described in reference [2]].
Presented are below the results of investiga{tions of E and Fy -

layers! behavior during the eclipses' and monitoring days.

EFFECTS OF ECLIPSE TN THE E AND F-LAYERS
OF THE IONOSPHERE ON 2 DEC.L1956

Results of Check Observations. These were conducted in

the ionosphere from 28 November to 4 December 1956, During that
period, high-fregquency characteristics were taken down daily,
every 30 minutes between the hours 06 00 and 17 00 for the check
days, and every 15 minute at the day of eclipse. The time indi-
cated is the local 45° E time throughout. During the eclipse
hours, the h!f characteristics were taken down uninterruptedly
during 3 ~ 5 minutes each.

The analysis of the course of E and Fp =layers' criti-
cal frequencies provided a basis for considering the state of the
ionosphere during the check days as guiet. The variation of cri-
tical freguencies foE as a function of time of the day for each
day of observations did not reveal any significant deflections
from the course of median values for the check days. At the same
time, the curve of median values f£,E during the period 800 —
16 00 hours, was described gquite satisfactorily by the law
cos X (t), where )((t) is the Sun's zenithal angle.

It follows from the comparison of the daily critical fre-
quencies' £ Fp course for the same days of observations, that
their values also were basically controlled by the Sun's zenithal
angle. However, small deflections in the f F, magnitude by compa-
rison with the median values (Af Fpox T 0,3 Mc/s) ‘were observed

during near midday hours, which are typical for the Fp layer.



At the same time, during hours close to sunset, more significant
fluctuations in f Fp magnitudes relatively to the curve characteri-
zing the average trend of their variation in daylight, have taken
place during the control days. That is why, median values of £, F2
varied irregulxrly during the same hours. (See Fig.1l, at the top,
taking note of the fact, that moments of eclipse at the Earth's sur-
face are plotted on all graphs).
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Fig. 1l

In order to clarify the degree of possible E}E~layer's
deformation during eclipse time by comparison with control days,
the magnitudes h'yy and lﬁ?Fg were computed with the aid of ht'f
characteristics, and their dependence on the time of the day —
plotted in Fig.1l.



It may be concluded that if the distribution of electron
concentration Ng (h) in the F2 - layer is near parabolic, the confi-
guration of the Fp~layer during daytime of the control and eclipse
periods remained practically unchanged despite the above-noted irre-
gularity of f Fp variation in time. The type ~-C-Eg-layer was rather
regularly observed during control observations, and reflections of
1 - type of Es-layer took place at times, However, the critical fre-
gquencies of the Eg ~layers' first type usually exceeded the values
f,E by more than 0.5 me/s. During that time of the day, the type
Eg~-layer was insiffusiently intense to screen the normal E-layer.

Cases of Belipse in E and F-layers. The solar eclipse of

2 December 1956 observed in Gor'kiy was partial, with a maximum
phase of 0.73 at the Earth's surface. Data on optical darkening at
different levels relatively to Earth's surface (‘1‘1 and T4 being
the moments of the first and last contacts ;j P; and P,+ - their res-
pective angles ; T being the moment of the maximum phase and Bmax =
the maximum phase of eclipse). All the computations were made taking
account [4] of altitudes h = O, 100, 200 and 300 km.

h - km Ty To Ty, Bpox P9 P
0. 0911 |1034 | 1201 0.73 | 291 81
100 0911 | 1034 | 1201 0,76 | 290 82.5
200 0910 | 1033 | 1201 0,78 | 289 8
300 0908 | 1032 | 1201 0.80| 288 85.5

The comparison of h'fw characteristics, obtained during
the eclipse period, with the corresponding characteristics related
to control days revealed a sharply expressed decrease of critical
frequencies f E and foFg. As may be seen from Fig.1l, the particu~

larities of electron concentration Ny variation at the maximum



level of both layers was basically determined by the zenithal

angle of the Sun and by the phase of optical eclipse. The moments

of optimum decrease of magnitudes N, of the E and F-layers prac-
tically coincide with the moments of the optimum phase of eclipse

at the 100~ 300 km height level., The greatest relative lowering of
the critical frequencies f E and :E‘0 Fo during eclipse time consti-
tuted in both cases about 18 percent by comparison with the correspon-
ding median values.

It follows from Fige.l, that the effect of the eclipse was
more clearly expressed in the Fp than in the E-layer. This apparent
1y may be explained by the fact, that the eclipse phenomenon itself
took place during hours when the Sun's zenithal angle increased ra-~
pidly, which compensated its effect in the ionosphere. However, the
notable decrease in critical frequencies f,F2 1in comparison with
the median immediately after the eclipse's commencement, may serve
as the indication that the Fylayer is not simple : the intensity
of the Fp-layer's ionization is connected with the magnitude X(t)
by a more complex dependence than cos X(t), although it is being
determined by the daily course of Sun's zenithal angle.

It may also be noted that small fluctuations exist in the
course of critical frequencies of both layers during the eclipse.

In the Fp -layer the f, variation relatively to a smoothed curve
constituted about * 0,15mc/s, and in the E-layer -~ near % 0,1 mc/s.
This may have been caused by errors in critical frequency computa-
tion, as well as by a certain increase in:solar activity during that
period : According to IZMIRAN data, there was registered an increa-
sed level of solar radio emission within the % cm = 1.5 m, wave band
on the day of the eclipse., Numerous sunspots, and an increased inten-
sity of a series of coronal lines were also observed.

There was observed during the hours 08 00— 11 00 of the
day of eclipse a lamination in the E-layer. Between the hours 08 45
and 11 004 the type-l of the Eg layer was observed, later passing
to type-C, which was present till the end of observations. The

critical frequencies of both types of Eg. layer were .close to £3E



in the course of the day, and did not exceed them by more than
0e2 ~ O.h mc.s. At the end of the eclipse, the critical frequen-~
cies fyE coincided with the median, while the I, Fp frequencies,
though distinct from the median, followed up the general dependence,
characteristic of that time of the day and of the year. Analyzed
were also the peculiarities of variation in time ht'(t) of the
heights at fixed frequencies f = 10 and 11 mc/s. with the aid
of h'f — characteristics related to the period of eclipse. In the
first case, the h'(t) variations during the hours of eclipse revea-
led the same trend as in control days, but the corresponding magni-
tudes h' increased as an average by 50 km in the eclipse process.

At the frequency of 11 me/s, the dependence h'(t) had a
more typical form, characteristic for the effect of eclipse in the
ionosphere, the'leffective heights began to increase directly after
the commencement of eclipse, and having reached the maximum at the
time of maximum phase, gradually decreased to values during control
days, simultanecusly with the end of eclipse., At the time of maxi-
mum phase, the magnitude h' exceeded as an average the median va-
lues by 100 km during the same hours. No particular anomalies in
the h' (%) course, pointing to a substabtial deformation of Fj -
layer were observed during the eclipse.

Processing of the Results of Observations.

The high-frequency characteristics h'f and the time course
of magnitudes f E and £ F2 during the controcl and eclipse days
were utilized for the estimate of the effective recombination coef-
ficients and of the ionization intensity in the E and F2 ~ layers.
The true distribution of the electron comcentration N, (h) was only
found for the Fp =~ layer by the method proposed in [5], using the
h!'f-characteristics. Dependences Ng (t) for h = 250 and 300 km,
were plotted during eclipse time, Then the magnitudes dNe/ dt,

entering the ionization balance equation, were deermined with their
aid.



The computation of the magnitude Neffﬂé was effected by
the method of contiguous points, taking into account the dependence
N, (t) for h = 250 and 300 km, and also by the method
when in one case the ionization balance equation was composed for
a specific moment during the eclipse, and in the other — for the
variations of median values of electron concentration in the Fp~layer
maximum., Inasmuch as no significant oscillations of magnitudes h'Fp
and k&,Fg were observed during the eclipse as well as control days
near midday hours, and values hp were near %00 km, the Ne(t) vari-
ations at that altitude were related to the Fp~layer maximum,

As a result, the average arithmetic value of Reopr Fo was
computed according to its 10 separate magnitudes, and found to be
~ 2,0 -10"1C)cm55ec-1. Accordingly, the average arithmetic value
of ionization intensity Jgin the Fz-layer maximum constituted about
2300 el/cm’ sec . The computation of ®gsr E and J, for the E-layer
was effected with the help of curves characterizing the f,E criti-
cal frequencies' variations in the day of eclipse and in control days.
At the same time, it was assumed that the height of the E-layer maxi-
mum did not vary during the period of eclipse. In the aggregate, the

following average values were found:

R B S |
effE 2 0,25 ¢+ 10 cm” sec ,

Jo 22150 el/cm? sec.

Taking into account the resulis of measurements of Xeors
and Jg during the periods of preceding eclipses, brought out in E6],
one may conclude, that by order of magnitudes, our data agree well
with them. At computation of the covering functions, entering the
ionization balance equation, it was admitted, that the radiation,
jonizing the ionosphere, was uniforply distributed over the disk of
the Sun,

Thus, taking into account the circumstances of the effect in
the ionosphere (particularly in the Fp-region) of the eclipse, and
the fact that at ueff;and J, computations, their values were considered

constant during the total period of eclipse, and they did not differ



from the corresponding magnitudes in the control days, the data

obtained by us are to be considered only as the most probable.

ECLIPSE EFFECTS IN THE IONOSPHERE ON 15 Feb.1961

The solar eclipse of 15 February 1961 was partial in the
Gor'kiy region, with a 0,9% maximum phase on the ground. The eclipse
began at 10 20 hours and ended at 12 46 hours. The maximum phase
began at about 11 33 hours. During that period, the ionosphere obser-
vations were conducted every 5 minutes. Check observations were con-
ducted every 15 minutes between the 9th and the 24th February, so
as to clarify the degree of the effect of eclipse in the E and F2 -
layers.

The comparison of the course of the critical frequencies
foE and f F2 during the eclipse hours, with that of corresponding
median values related to control days, has detected a distinct
decrease, more particularly in the E-layer, However, the eclipse
phenomenon had a different course in the E and the Fp- layer.

The greatest decrease in electron concentration in the

E-layer maximum, and of the values f characterizing the degree

of radiowave absorption in the D-laysiflh&& practically coincided
with the moment of the greatest eclipse phase, while the analogus
phenomenon for £ F2 took place significantly later (near 2 hours),
(See Fig. 2, on top). The relative decrease in f B and f Fp values
respectively constituted in the two cases ~ 35 and 17 percent, and
for the magnitudes fmin — near 50 percent in comparison with the
median velues. It may be concluded from the graph that duripg the
hours of eclipse, the median curve f_Fpis not smooth. Thisfexplained
by the fact, that the course of f Fp during control days for the

same period of time was very irregular. Thus, for instance, separate
values of fOFZ reached nearly 9.0 mc/s in daytime on February 14,
while on the 16th they did not exceed for the same hours = 7.7 me/s.
There is a basis to assume that similar anomalies in the course of
f,Fp during the control days were linked with solar activity, which,
as noted in [7] , may exert a different effect on E and F2-layers'

ionization.



The anomalies in the state of the Fp-layer were also re-
vealed by the fact, that the magnitudes h' F2 and hpFE, determi-
ned with the help of h'f- characteristics for the day of eclipse

and for the control days, were subject to substantial variations.
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Fig. 2

Brought out in Fig.2 are the dependences for the day of
eclipse of minimum effective heights h'! Fp and values h,p ¥p, chara-
cterizing the altitude of the Fp-layer maximum in the assumption
that the electron concentration Ne(h) was distributed in it accor-
ding to the parabolic law., Upon reviewing these dependences, it ought
to be assumed, that the shape of the Fa-layer in daytime did not
remain constant, It is pertinent to note that the dependences h' Fp
and .‘h;P Fp had an analogus character during the control days.

Prior toc eclipse commencement, laminations took placde.béiween
0800 and 1000 hours in the E-region, while during the period of
eclipse type Z—Es-layer was observed, partly shielding the E-layer.
At the beginning of the eclipse, its critical frequencies were 2.1 mc/s

gradually descending to 1.6 mc/s at the moment of the maximum phase.



10.

That type of Eg-layer disappeared after the end of the eclipse.,
The type-h Eg- layer ' presence was revealed in the ionograms from
1415 to 1530 hours with a maximum frequency of 2.7 mc/s. Lawmina-
tions and sporadic type { and C layers were simultaneously obser-
ved with the former at separate moments,

Lamination was also observed in the lower part of the Fp -
‘layer between 0820 and 09 35 hours. It was conditioned by the pre-
sence Within.it of norhomogeneities in the electron concentration.
At 09 55 hours a perturbation was noted in its upper part.in Bhe elec~
tron concentration distribution Ng(h) which was shifted in time
to the lower part of the layer. By OO1l5 hours it could have been
interpreted as the L- condition.

During the hours close to the commencement and the end- of
the eclipse, the Fy -~layer was weakly represented, However its criti-
cal frequencies were clearly expressed during its maximum phase, and
diminished to 2.5 mc/s. The minimum effective height of the Fq-layer
descended at the same time to 170 km.

Comparing the results of ionosphere inwvestigations during
the period of the given eclipse with similar observations of 2 Decem~-
ber 1956, one may conclude that though both eclipses took place in
winter, at a more or less the same time, their influence on E and Fp -
layers were expressed differently. This may possibly stem from the
fact, that in December 1956 the Fp-layer followed to a greater degree
the laws of a simple layer than in February 1961. Besides, it is not
excluded that this has been linked with the difference in solar acti-
vity, and also in geometry of the eclipse in the ionosphere. One may
hope that the multilateral analysis of the results of the February 15
eclipse, obtained by the worldwide network of ionospheric stations
and expeditions, together with the recourse to data on solar activity,
will permit to describe sufficiently completely the physical aspect

of phenomenas in the ionosphere caused by the present eclipse.
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11.

Let us note in conclusion, that disregarding separate
details in the state of the ionosphere on 15 February 1961, the
effects of the eclipse upon the E and Fp-layers above Gor'kiy
reveal common peculiarities with those described in [8].

The authors express their gratitude to N, A, Mityakov and
V. P, Petukhov for their assistance in organizing eclipse observa-
tions, and in the preparation of graphs, and also to G, M, Arte=-
m'yeva, having effected the extrapolation of the data on optical

darkening upon the altitudes in the ionosphere.
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